In most patients with myelomatosis, the serum electrophoretic pattern characteristically contains an anomalous component. Occasionally, however, patterns of the " myeloma " type are found in patients in whom the clinical findings and laboratory evidence do not support a diagnosis of myelomatosis.
In this paper, the case histories of 10 such patients are presented and the significance of the findings discussed. Three of these cases have been referred to already (Owen and Rider, 1957) .
Methods
Paper Electrophoresis-Except in Cases 5 and 7 this was carried out as described by Owen and Rider (1957) . Sera from Cases 5 and 7 were examined by a method essentially that described by Flynn and de Mayo (1951) . Quantitative results were obtained by elution of dye from stained electrophoretic strips. Total protein was determined by the method of Gornall, Bardawill, and David (1949) .
Starch Gel Electrophoresis.-This was carried out as described by Smithies (1955) and was used to estimate (visual comparison with normal patterns) the amount of "normal" y-globulin in sera with abnormal components migrating as y-globulin.
Ultracentrifugal Analysis.-Sera, diluted 1: 4 in 0.2 M sodium chloride (except in Case 10), were examined in a " spinco " model E ultracentrifuge. In Case 10 the serum was diluted 1:2 in 0.15 M sodium chloride. Sedimentation constants were expressed as S20,W values, but were not corrected to zero concentration. For descriptive purposes, the larger (slower) of the two main components of normal serum has been termed "albumin" peak and the smaller (faster) component " globulin " peak.
Precipitin Reactions&-We are indebted to Dr. L. Korngold, Sloan-Kettering Institute, New York, for permission to record his results obtained by a method already described (Korngold and Lipari, 1956 ). *Present address: St. Vincent's Hospital, Melbourne. Case Histories Case 1.-C. M., a man aged 73 years, was admitted to hospital in March, 1956 , suffering from melaena.
He had a duodenal ulcer demonstrated radiologically; he also suffered from pneumoconiosis. There was no clinical enlargement of liver, spleen, or lymph nodes. Sternal marrow was found to be normal. Radiological examination of the skeleton revealed no abnormality apart from changes suggestive of Paget's disease in the right ilium.
Serum paper electrophoresis revealed an abnormal component migrating between ,B-and y-globulin (Fig. 1 ). Ultracentrifugal analysis of serum showed a normal pattern (Fig. 2a) . The results of biochemical and haematological findings are summarized in Table I . There was no proteinuria. During the next two years the patient was well apart from exertional dyspnoea due, presumably, to the pneumoconiosis. Radiological findings remained unchanged. Re-examination of sternal marrow showed a slight increase in plasma cells, but none were atypical.
In May, 1958, the patient developed obstructive jaundice. At this time an aspiration biopsy of a spinous process revealed normal marrow. At operation, the common bile duct was found to be dilated, due, apparently, to a lesion in the head of the pancreas. A palliative cholecyst-jejunostomy was performed, but the patient developed hepatic failure and died. Necropsy revealed a constriction of the There was no clinical enlargement of liver, spleen, or lymph nodes. X-ray examination of the skeleton was normal. Bone marrow aspiration was normal except for a slight increase in plasma cells (5%) with normal lymphocytes of 12%. Histological section of marrow fragments showed that the plasma cells tended to occur in clumps.
Serum paper electrophoresis showed a discrete component in the y-globulin position (Fig. 1) . Starch gel electrophoresis showed that "normal" y-globulin was not significantly reduced. The ultracentrifugal pattern ( Fig. 2a) revealed an abnormal component with a sedimentation constant of 9.4S. Biochemical and haematological findings are summarized in Table I .
The patient was readmitted to hospital in February, 1958, complaining of backache. X-ray examinations disclosed an area of rarefaction with anterior wedging of the twelfth thoracic vertebra and a diffuse, fine mottling in the skull. Marrow aspiration again disclosed only a slight increase in plasma cells, not sufficient to be diagnostic of myelomatosis. Serum proteins were as before. The patient was last reassessed in June, 1958, when she was admitted to hospital suffering from lobar pneumonia. There was now a severe degree of collapse of the seventh, eighth. and twelfth thoracic and the third lumbar vertebrae. A third marrow aspiration again showed a slight increase in plasma cells (4.5%) and lymphocytes (16%), but the findings were not sufficient to be diagnostic of myelomatosis.
Since this paper was submitted, in December, 1958, the patient has suffered a fatal subarachnoid haemorrhage. At necropsy partial collapse of the lower thoracic vertebral bodies was found. The bony trabeculae were thin and spongy and the marrow spaces were filled with soft, dark red tissue.
Histologically (Fig. 1) . Biochemical and haematological findings are summarized in Table I . The ultracentrifugal pattern was normal during the initial part of the run (Fig. 2a) ; later (Fig. 2b) An abnormal serum protein with the electrophoretic mobility of y-globulin (Fig. 1) was discovered in 1955. Starch gel electrophoresis showed a reduction in normal y-globulin. The ultracentrifugal pattern (Fig. 2a) revealed an abnormal component with a sedimentation constant of 15.3S. Biochemical and haematological findings are summarized in Table I .
This patient is remarkable in that the anaemia has been corrected on two occasions by prednisolone therapy, even though it is not haemolytic in type. After six months of continuous therapy with prednisolone, the concentration of abnormal protein diminished in the serum. Over the past two years she has suffered from episodes of furunculosis, orbital cellulitis, and acute pyelonephritis. The patient was last reassessed in August, 1958. The haemoglobin value of the blood was satisfactory and the patient felt well. She is taking a maintenance dose of prednisolone.
Case 8.-J. W., a man aged 66 years, was admitted to hospital in September, 1957, suffering from lobar pneumonia. He had had a previous attack of pneumonia five years before but had been well in the meantime. He failed to respond to therapy with antibiotics and the pneumonic process spread to involve other lobes. He developed anuria and died in uraemia, eight days after admission to hospital. There was no clinical enlargement of liver, spleen, or lymph nodes. Bone marrow examination (sternum) showed an increase in plasma cells (9%). These were normal morphologically. Fifteen per cent. of the nucleated cells were lymphocytes. Skeletal radiographs were not taken and necropsy was refused. Serum paper electrophoresis revealed an abnormal component migrating as a y-globulin. Biochemical and haematological findings are summarized in Table I . Ultracentrifugal analysis of serum revealed the presence of three macroglobulin components (Fig. 2a) . The most prominent of these had a sedimentation constant of 16.3S. Case 9.-S.N., a woman aged 86 years, was admitted to hospital in March, 1957, suffering from auto-immune haemolytic anaemia. Anaemia was severe (Hb=6.4 g./100 ml.), with a reticulocyte count of 20%°; the direct Coombs test on the red cells was positive and free agglutinin was detected in the serum, active in both saline and albumin at 50 C., but in albumin only at 370 C. Results of the y-globulin Coombs neutralization test were of the cold agglutinin type. Serum paper electrophoresis revealed an abnormal protein migrating between /B-and y-globulin (Fig. 1 Electrophoresis of serum demonstrated an abnormal component migrating between A-and y-globulin (Fig. 1) . Other biochemical findings are listed in Table I . An ultracentrifugal analysis showed a distinct macroglobulin component, but this was considered to be too small to be of pathological significance.
The histology of a biopsy from the presenting swelling was strongly suggestive of it being a secondary deposit from a thyroid carcinoma. Biopsy of the thyroid gland confirmed malignancy, and on this account an almost complete thyroidectomy was performed. Examination of the operation specimen confirmed the diagnosis. The abnormal serum component was present undiminished one month after the operation. Unfortunately, it has not been possible to follow up this case.
Dicusson fhe diversity of findings in the above cases at once suggests that the patients did not all suffer from the same disease. In each case, a diagnosis of myelomatosis was considered initially because of an abnormal discrete component in the serum electrophoretic pattern. In some patients, e.g., Cases 2, 3, and 4, this diagnosis has yet to be excluded. It is well known that myelomatosis may run a protracted course and characteristic skeletal changes may not appear until late, if at all. Thus a patient (T. R.) mentioned briefly in a previous report (Owen and Rider, 1957) did not develop conclusive signs of myelomatosis until two years after an abnormal component was first detected in the serum.
In Case 1, necropsy failed to provide any explanation for the electrophoretic anomaly which appears to have been an incidental finding.
Cases 2 and 3 are both middle-aged men who suffer from repeated lung infections associated with mild anaemia. In Case 2, a lesion in the left ilium remains suspect as a myeloma deposit, although the x-ray appearances have not altered over a period of three years. In Case 3, the bone marrow contained 4% plasma cells which, however, were normal morphologically. In neither case, however, is myelomatosis ruled out.
It is also possible that Case 4 suffers from myelomatosis although the history and findings are unusual. The abnormal serum component (sedimentation constant= 9.5S) has a molecular weight intermediate between that of the usual myeloma protein (sedimentation constant= 6-7S, Putnam, 1957) and what are termed " macroglobulins" (sedimentation constant= 15-25S). However, relatively high molecular weight proteins have been found occasionally in association with myelomatosis (Waldenstrom, 1952; Putnam and Udin, 1953; Wanner and Seibenmann, 1957 Dacie, 1957; Fudenberg, Barry, and Dameshek, 1958 SERUM ELECTROPHORETIC PATTERNS and Croucher, 1957 ). An association of abnormal serum components with haemolytic anaemia has also been noted in patients with lymphoma (Christenson and Dacie, 1957) and chronic lymphatic leukaemia (Craig, Waterhouse, and Young, 1952; Buffa and Rappaport, 1957) .
In Case 10, the abnormal protein was associated with a carcinoma of the thyroid. Kanzow (1954) and Schaub (1953) have each described single cases of carcinoma of the uterus associated with abnormal serum components (in both cases macroglobulins). However, there was evidence in both cases of an associated lymphoma.
Cases 2 and 3, and to a lesser extent Cases 4 and 7, showed a susceptibility to infection. Whilst it is tempting to ascribe this to a deficiency of normal y-globulin, it must be admitted that in none of these was the reduction in y-globulin severe. Hypo-y-globulinaemia has frequently been noted in persons with myelomatosis (Adams, Alling, and Lawrence, 1949; Rundles, Cooper, and Willett, 1951 ; Snapper, Turner, and Moscovitz, 1953; Waldenstrom, 1954; Zinneman and Hall, 1954; Lawson, Stuart, Paull, Phillips, and Phillips, 1955; Porges, 1956; Firkin and Blackburn, 1958) , and it has been suggested that the formation of abnormal serum protein competes with the formation of normal y-globulin. However, it should be noted that hypo-y-globulinaemia has also been reported in reticuloendothelial disease in the absence of abnormal serum components, notably in chronic lymphatic leukaemia (Jim and Reinhard, 1956; Wall, 1956) , in malignant lymphoma (Arends, Coonrad, and Rundles, 1954) , and in diffuse reticuloendothelial hyperplasia (Citron, 1957) . Korngold and Lipari (1956) have recorded that myeloma sera can be divided into three groups according to the ability of the myeloma protein to react with antiserum prepared against normal y-globulin. Sera from four of the six cases tested (Table I) gave reactions similar to those given by myeloma sera. In two of these patients (Cases 1 and 9), however, the results of necropsy examination did not support a diagnosis of myelomatosis, which rather suggests that the precipitin reactions obtained by Korngold and Lipari (1956) are not specific to myelomatosis.
It is inappropriate to consider here at length the pathogenesis of the abnormal serum components. However, there are two points which deserve comment. In several of the cases of the present series (Nos. 1, 2, 3, and 9) there was no evidence of neoplastic disease either of the reticuloendothelial system or of other tissue. The occurrence of abnormal serum proteins in the absence of neoplasia is apparently rare. Apart from cases of cold-agglutinin haemolytic anaemia we have been able to find only a few reports of such cases. These include several well-documented cases of essential cryoglobulinaemia (Hutchinson and Howell, 1953; Barnett, Curtain, Hayes, Holden, Pye, and O'Donnell, 1956; Volpe, BruceRobertson, Fletcher, and Charles, 1956) , and a few other cases more briefly reported, with diagnoses of hepatitis (Wieme, 1953) and unexplained anaemia (Flynn, 1954; Sonnet, Louis, and Heremans, 1955) respectively. Of particular interest is the report (Laurell, Laurell, and Waldenstrom, 1957) of this anomaly in a blood donor who showed no other physical or laboratory signs of disease.
Secondly, the finding that abnormal electrophoretic components behave, in some instances, as auto-immune agglutinating antibodies is possibly important in any consideration of their pathogenesis. It is possibly also relevant that very high titres of auto-immune complement-fixing antibodies have been found in some sera containing large amounts of macroglobulin (Mackay and Gajdusek, 1958) . On the other hand, not every case of auto-immune haemolytic disease has such anomalous protein components. Further, in Hashimoto's disease, which also is characterized by the presence in serum of auto-immune antibodies (Witebsky, Rose, and Shulmann, 1958; Roitt, Doniach, Campbell, and Hudson, 1956 ) the electrophoretic pattern does not reveal anomalous components although the y-globulin component is often increased (Luxton and Cooke, 1956; Doniach and Hudson, 1957) . This, however, may simply reflect the inadequate resolving powers of prevailing electrophoretic methods. Summary Ten patients are described in whom the serum electrophoretic pattern was of the myeloma type but in whom a diagnosis of myelomatosis was not established. In four patients the abnormal protein was a macroglobulin.
In five patients there was evidence of reticuloendothelial disease whilst one patient suffered from a carcinoma of the thyroid gland. In the other patients there was no evidence of neoplasia.
Four patients showed an increased susceptibility to infection which was possibly related to hypo-y-globulinaemia.
It is concluded that whilst discrete abnormal electrophoretic components in serum are most often associated with myelomatosis or lymphoma, they are occasionally present in a variety of other conditions. 349 group.bmj.com on October 28, 2017 -Published by http://jcp.bmj.com/ Downloaded from
